this group. However, it seems likely that a large fraction of the organisms in the group belongs to the species Leptotrichia buccalis. Thj0tta et al., (1939) , B0e (1941) , Rosebury (1944) and Kasai (1955) have reviewed the literature dealing with this species.
The present study was undertaken to determine methods for the isolation and preservation of L. buccalis, and with the hope of clarifying its taxonomic position, which is in question. In general, our conclusions agree with those of Thj0tta et al. and of B0e, and with the implied conclusion of Jackins and Barker (1951) : the long, nonmotile, anaerobic rods of the mouth which are gram positive in young cultures and gram negative in old cultures, and which fail to reduce the pH of culture media below 4.6, form a homogeneous group consisting of a single species, Leptotrichia buccalis (Robin) Trevisan. We further conclude that the organisms should be classified in the Tribe Lactobacilleae of the Family Lactobacteriaceae. EXPERIMENTAL 
METHODS
The agar medium used for isolations consisted of peptone (Difco), 20 g; yeast extract (Difco), 2 g; glucose, 5 g; NaCl, 5 g; K2HPO4, 10 g; sodium thioglycolate, 1 g; agar (Difco), 15 g; distilled 1 Submitted by the senior author in partial fulfillment of the requirements for the degree Doctor of Dental Surgery at the University of Washington School of Dentistry. water, 1 L. The pH of this and all other media was adjusted to 7.2 before autoclaving. This medium (TA) was used for the isolation of strains 1 to 7; strains 8 to 10 were isolated on TA to which 0.2 per cent sulfanilamide had been added in the (unrealized) hope of reducing the number of contaminating colonies. All 10 of our strains were completely resistant to this concentration of sulfanilamide under these conditions. Cultures were transferred in a modification of TA. The agar concentration was reduced to 0.05 per cent, and 1 ml of 0.2 per cent aqueous methylene blue/L was added. Transfers were made by inoculating 12 ml of this medium (TB) with 0.2 ml of an overnight culture in the same medium.
The fermentation medium consisted of TB modified as follows: agar, glucose, methylene blue and occasionally sodium thioglycolate were omitted, and the concentration of K2HPO4 was reduced to 0.25 per cent. No growth occurred in this medium unless a fermentable substrate was added. When a pH indicator was desired, bromthymol blue was added to a final concentration of 0.0012 per cent; pH readings were made with a Beckman pH meter Model H-2.
Except where otherwise noted, plates were incubated in Brewer jars in an atmosphere of 15 per cent CO2 and 85 per cent H2. Similar conditions of incubation were used for broth cultures in which either the agar or the sodium thioglycolate had been omitted. If the pH of the culture was to be determined, the atmosphere consisted of H2 only. In the experiment reported in table 1, however, anaerobiosis was achieved as follows: screwtop tubes 60 by 17 mm were filled to the top (8.5 ml of medium) with fermentation medium containing sodium thioglycolate, indicator, and the appropriate substrate. The tube tops were put in place loosely, and the medium was steamed for 20 min to drive off dissolved gases. The tops were tightened while the medium was still hot; as soon A STUDY OF LEPTOTRICHIA BUCCALIS as it had cooled sufficiently the inoculations were made and the tubes immediately re-sealed.
All cultures were incubated at 37 C. Lactic acid was determined by the colorimetric method of Hillig (1942) . For the determination of the optical rotation of lactic acid, cultures were grown in 400 ml of fermentation medium modified to contain 1 per cent K2HPO4 and 0.5 per cent glucose. The cells were harvested after 24 hr growth, washed twice in 50 ml of M/30 phosphate buffer, pH 7.2, containing 0.01 per cent Na2S, and finally suspended in 10 ml of M/30 phosphate buffer, pH 7.2, containing 3 per cent glucose. The suspensions were incubated in H2 at 37 C for 4 hr. The cells were sedimented and an aliquot of the supernatant fluid removed for the determination of lactic acid. The remainder of the supernatant was adjusted to pH 2 with H2SO4 and mixed thoroughly with 30 g of cellulose powder (W. & R. Balston, Ltd., Standard Grade). The mixture was packed into a tube of 4 cm bore to form a column. Two hundred milliliters of ethyl ether were then passed through the column (Eaton, 1956) . To the eluate were added 10 ml of distilled water. The ether was removed in vacuo at room temperature. The aqueous solution was filtered and evaporated at 55 (1953) .
Cultures prepared for gram-staining were grown in screw-top test tubes filled to the top (about 18 ml of medium) with fermentation medium containing 0.5 per cent glucose. They were inoculated with 0.1 or 0.2 ml of 24-hr cultures grown in TB, and were incubated in air.
After 6 hr incubation all tubes were visibly turbid.
RESULTS
Isolation and maintenance of strains. Ten strains of L. buccalis were isolated from the mouths of 10 different subjects, and were numbered in the order in which they were isolated. Material for the isolation of the first four strains was obtained by scraping with a sterile toothpick around the gingival crevice of the upper first molars. The last six isolations were made from material scraped from the surface of the posterior third of the tongue. The scrapings were streaked on chilled TA plates (with the exceptions noted in Experimental Methods) and incubated anaerobically overnight. Most plates contained a few filamentous colonies like those in figure 1. These were easily found with a dissecting microscope at 10 or 30 X magnification if the transmitted light came obliquely through the plates. A 60-fold magnification was sufficient for the resolution of individual cells in the filaments. More rarely, colonies like that in figure 2 were observed.
Isolations were made from both types of colonies; no regular differences in cellular morphology or in metabolism were found between them. Isolated colonies were seen on only two of the several hundred plates which we examined. No colonies of fusobacteria, which resemble L. buccalis colonies on media containing body fluids, were found on our plates.
Isolations were made by transferring a portion of a colony which seemed to be free of contaminating bacteria to TB medium. experiments we have fouind that substituting tryptone (Difco) for the peptone in TB improves the viability of cultures held at 4 C, permitting transfers to be made at 7-day intervals. Cells which were harvested from TB during growth (5 or 6 hr after inoculation of 0.5 ml of a 24-hr culture into 12 ml of TB), washed once in nutrient broth and suspended in skim milk, were lyophilized successfully. Each of the strains underwent at least 300 daily transfers in TB. After about 300 such transfers strain 3 was lost because of contamination. During this extended series of transfers the cultures improved greatly in their ability to form colonies on agar plates. During the first 30 to 60 transfers, if 0.05 ml of an overnight culture in TB was streaked on TA, only a few (if any) colonies formed. After 24 hr incubation only a small percentage of these colonies contained viable cells. However, by the time 200 daily transfers of each strain had been made a considerable fraction of the cells in a 24-hr TB culture was capable of forming colonies; 0.05 ml spread on a TA plate gave rise to confluent growth. All of our strains have been purified by at least three single-colony isolations. The tests reported below were made after all strains had gone through at least 200 daily transfers.
Colonial morphology. Eight-hour colonies of our strains on TA agar consist of rafts of parallel cells similar to those in the upper half of figure 1. Twenty-four-hour colonies are usually filamentous or have filamentous edges (figure 3). Within another 24 hr of incubation the filaments disappear from most colonies, which now have a brain-like appearance (figure 4). Cells in pairs often have one free end blunt and the other pointed (figure 7). Chains which seldom contain more than four cells appear during the early stages of growth in broth. In 24-hr cultures these chains sometimes exceed 100 j, in length; septa in the chains can be seen in wet mounts. No evidence of branching has been observed. The cells in 24-or 48-hr cultures sometimes degenerate to predominantly helical forms. This seldom occurs in strains which have undergone many transfers.
Cells from 6-hr cultures are uniformly gram positive. Twenty-four-hour cells are gram negative, or contain gram positive granules in a cytoplasm which is predominantly gram negative. Such cells examined with phase contrast usually have a refractive granule at the pointed end. Electron micrographs of shadowed cells also suggest the presence of granules at the ends of the cells (figure 8). Cells which seem to have lysed are common in 48-hr cultures.
No evidence of motility or spore formation has been seen in any culture.
Metabolic activities. Nine strains were studied for fermentation patterns. All fermented glucose, sucrose, maltose and mannose within 48 (usually 24) hr. The terminal pH values were between 4.6 and 5.3; there was a tendency for the more recently isolated strains, which were isolated in the presence of sulfanilamide, to give values at the higher end of this range. Fructose was fermented within 24 hr by all strains except strain 4, which required 72 hr. Strains 4, 5, 6 and 7 also fermented lactose and galactose. These 48-hr plates with Gram's iodine; the colonies were surrounded by clear areas about 4 mm wide with a faint pink tint at the periphery, while the background medium was dark blue.
If fermentation medium containing 1 per cent starch as the sole carbohydrate was inoculated with glucose-grown cells, fermentation was delayed or did not occur. We were unable to get consistent results, although upon occasion each strain fermented starch after 5 to 20 days of incubation. No visible growth of cells occurred before fermentation started. When starch fermentation tubes which had remained negative during 30 days of incubation were re-inoculated with the same strains of L. buccalis, fermentation occurred within 3 days.
A known strain of Lactobacillus arabinosus (fermenting glucose and maltose, but not starch) gave a 48-hr pH of 6.5 in starch fermentation medium grown alone or in mixed culture with our strain 4, indicating that neither glucose nor maltose was formed by strain 4 during the first 48 hr of incubation. Strain 4 was also tested to determine (1) if the presence of starch interfered with the fermentation of glucose or maltose, and (2) if the presence of glucose or maltose permitted the fermentation of starch. Graded amounts of glucose or maltose were added to fermentation medium with and without 1 per cent starch. The results, given in table 2, show that the organisms produced an acidity in 48 hr which was independent of the presence of starch.
From these tests and various experiments in which the iodine reaction of starch fermentation No strain grew in TB medium when incubated at 20 C or at 45 C for 96 hr. Twenty-four-hour cultures of all strains were sterilized by heating at 60 C for 30 min.
DISCUSSION
The organisms described in this report correspond in all important respects to the 10 stains studied by Thj0tta et al. (1939) , the 20 strains (including the 10 of Thj0tta et al.) of B0e (1941) , and the 4 homofermentative strains of Jackins and Barker (1951) . Jackins and Barker, in particular, studied the metabolic patterns of these bacteria, concluding that they are quite similar to those of the homofermentative lactobacilli. These authors also showed that at least some strains of Fusobacterium plauti-vincenti are gram positive in young cultures, and actually belong in the Leptotrichia group. It is apparent that the taxonomic position of F. plauti-vincenti requires further investigation.
From the information available on the 24 strains described in the papers mentioned above and the 10 strains studied in this paper, the following characteristics of the group may be noted.
The organisms can be found in the mouths of most individuals. Isolations are made on the basis of distinctive colonial morphology. Upon isolation they are obligately anaerobic; after continued laboratory cultivation, micro-aerophilic or facultative strains may appear. They require a fermentable substrate for growth, and can utilize glucose, maltose, sucrose, fructose, mannose, trehalose and salicin. Starch is hydrolyzed by all strains, but the reaction is slow; fermentation occurs if there are still viable cells present when appreciable quantities of maltose and/or glucose are formed by the a-amylase. Lactose, galactose, cellobiose, raffinose, glycerin and mannitol are fermented by some strains. Terminal pH values are in the range 4.6 to 5.3. Lactic acid is the major product of fermentation; the two strains tested formed the optically inactive mixture. No carbon dioxide or hydrogen is formed during fermentation. Dulcite, iso-dulcite, inulin, sorbitol, xylose, arabinose and inositol are not attacked. Indole is not produced, and, at most, trace amounts of hydrogen sulfide are formed. Gelatin is not liquefied. Nitrates are reduced by some strains, but detectable quantities of nitrite are not formed; all strains can cause the disappearance of nitrite from the medium. Catalase is not produced. Growth occurs within the temperature range 23 C to 43.5 C.
The cells of L. buccalis are rigid rods 5 to 15,u long and 1.0 to 1.5 ,i wide. They are gram positive in young, actively growing cultures, but become gram negative in old cultures; old cells often contain gram positive granules. The cells may have blunt or pointed ends. Short chains of cells are common in young cultures; in old cultures very long septate chains occur. Helical, swollen or lysed cells are also found in old cultures. There is no evidence of branching, motility or spore formation. Very young colonies consist of rafts of parallel cells. These later pile up to form slightly raised colonies with filamentous edges. As the colony grows, the filaments tend to disappear; after 48 hr of growth most colonies are convoluted with undulate margins.
The taxonomic status of L. buccalis has been reviewed recently (Editorial Board, 1953; Judicial Commission, 1953 , 1954 . At present the name seems to be accepted for the organisms described in this paper, but the position of the genus in the Class Schizomycetes is in doubt. We believe that the information available at present permits the conclusion that the organisms should be classified in the Family Lactobacteriaceae, Tribe Lactobacileae. The organisms correspond to the species Leptotrichia buccalis (Trevisan, 1879) , and we feel that no other described species clearly belongs to this genus.
The organism described in this paper as strain 4 will be placed in the American Type Culture Collection.
